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THE  FIRING CHAtoCTERISTICS OF  THE STANDAKD ATLAS  ELECTRIC 
V.ATCH 

Th« work pcrfcrmed  and  reported  herein was funded  by Task No. 
rJOL-649.    The characteristics of  the electrical  ignition sensi- 
tivity of  both  the M-100 and M-200 Atlas Electric Matches have 
been accurately determined when electrical  signals of  short 
duration are applied. 

The results of this study should be useful to those concerned 
with igniting electric matches reliably by the application of 
short duration electrical signals. 
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I.     INTKODUCTION 

1. The "standard ^tlat «lectxic natch"   is an tltctrie ally 
initiated natch nanufactursd by tht Atlas Powdtr Company. 
Wiinington 99,   Delaware.      It comes  In  two   types,   tht M-lOO  and 
M-200  electric  match.     The only difference  between M-lOO and 
M-200 matches is tht nanntr In which tht bridgt wire is con- 
nected.     Tht M-100 tmploys soldered bridgt wirt construction 
and  tht M-200,  wtlded bridgt wirt construction.    Tht appearance, 
construction and method of manufacture of  tht standard Atlas 
electric natch are described in reference   (t). 

2. Both the M-100 and M-200 electric  matches have been 
successfully used by NOJL in ordnance applications.    The Atlas 
M-200 electric match is prtstntly toploytd  in an application 
where tht match is to bt firtd by an essentially constant volt- 
age pulse of less than six milliseconds duration.    Although 
soot   studies have been made of the sensitivity of both types of 
standard Atlas electric match  (references  (a)  and (b))t  accu- 
rate constant voltage sensitivity data art incomplttt in this 
time rangt.    Furthermore,   the variation in firing sensitivity 
from ont lot of matchts to  another has not been determined. 
The purpose of this study is to determine the voltage and 
energy required  to reliably fire the M-200 match when the dura- 
tion of  the firing signal   is less than six milliseconds. 

II.     THEORY 

3.     A detailed analysis of the theory involved in the 
firing of electroexplosive devices,   such as the standard Atlas 
electric match,  is given in references  (c)   and  (d).     In brief, 
an electric match is fired  by  supplying sufficient electrical 
energy  to the bridge wirt  to cause  it  to become hot enough  to 
ignite  the adjacent pyrotechnic mix.     The  electrical energy 
received  by the match during  the pulsing interval   Li given by 
the  equation 

•r VIdt, (1) 

where E is the energy in Joules, V is the voltage across the 
match in volts, I is the current through tht match in amperes 
and t is the duration of the pulse in seconds.  The energy 
required to bring the bridge wire to firing temperature is 
minimum under adiabatic conditions, that is, when there is no 
heat loss from the bridge wire to its surroundings.  Adiabatic 
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conditions «re approached at the duration of energy pulae is 
decreased. 

III.  EXPEKIMEI.TAL 

4. With the exception of Lot 262-23, all matches used in 
this study are froa lots which have been tested and certified 
by the Atlas Powder Company and/or the Eureka Williams Company 
to meet the specification requirements of reference (e). Ref- 
erence («) requires that all matches tested have a resistance 
of 1.10 to 1.30 ohms and that they fire when a square wave 
generator passes "a square wave pulse current of 1.0 * 0.05 
amperes through the electric match bridge wire for a maximum of 
6.0 milliseconds" when the match is conditioned at -65 * VF. 
The certified resistance range of Lot 262-23 is 1.20 to 1.40 
ohms. The resistance distribution of 68 matches of this lot is 
shown graphically in Fig. 1. 

5. The first tests conducted were constant current pulse 
tests on M-10C and M-2O0 matches in the range 1 to 6 ms. 
available constant current power supplies did not have response 
times sufficiently short for tests of this nature. Therefore« 
constant current was achieved by using the system shown in 
Fig. 2« A constant voltage was impressed across a ballast 
raviator (12.5 ohms, 400 watts), an ammeter, the match or a 
standard resistor whose resistance (1.170 ohms) was in the 
range of resistance of the match, and a solid state pulse 
twitch, all In series. A Harrison Laboratory Inc. Model 814A 
(0 - 36 V, 0*25 A) power supply was used as the constant volt- 
age source« The solid state pulse switch, built by A. R. Reed 
of this Laboratory, controlled the pulse duration. This pulse 
switch had a rise time of 5 microseconds, a fall time of 100 
microseconds and a precision of better than 50 microsecond» as 
measured on an interval timer.  The residual current through 
the solid state pulse switch was less than 5 odlliamps. Be- 
cause of the small overall change in resistance of the system, 
the decrease in current during the pulse caused by the increase 
in resistance of the match is insignificant. 

6. The procedure involved in test firing 
a.  substitute the standard resistor for the ma 
cuit by means of a knife switch,  b.  adjust th 
switch to give desired pulse duration, c.  clo 
state switch,  d.  adjust the constant voltage 
desired ammeter reading,  e.  open the solid st 
f. replace the standard resistor with the mate 
the knife switch, g.  fire (or attempt to fire 
Using this system and 
were conducted for 1, 

procedure, constant curre 
1.5, 2, 3 and 6 ms pulses 

a match is to: 
tch in the cir- 
e solid state 
se the solid 
to give the 
ate switch, 
h by means of 
) the natch, 
nt pulse tests 

The tests 
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wert conducted 
(f).  For each 
• function of 
lative probabi 
the points vis 
from the line 
determined by 
the 84.13* int 
Table 1. A 
it given in 
alto plotted f 

Pi 

in the Probit manner at detcribtd by reference 
time interval,  the per cent fired «vat plotted at 

current through the  ttandard retittor on accuou- 
lity paper  and the  ttraight  line that beat fitted 
ually wat drawn.    The mean  firing current wat rtad 
at the tOb intercept.     The  ttandard deviation was 
subtracting the mean current from the value at 
ercept.     A summary of  the results is given in 
ot of mean firing current versus pulse duration 
g.  3.     Applicable results of reference  (a)  are 
or comparison. 

Ta ble  I.     Constant Current Tests 

Atlas Pulse Number  of Mean Standard 
Match Duration Matches Current Deviation Lot 

TYP?. KMJ iMt^t . (Amoexes) l^npmi) Number 

M-100 1.0 55 1.635 0.040 268-31 
M-100 1.5 66 1.357 0.033 268-31 
V.-100 2.0 90 1.162 0.030 268-31 
H-100 J.O 30 0.992 0.014 268-31 
M-100 6.0 32 0.722 0.014 268-31 
M-200 2.0 37 1.132 0.045 265-24 
M-200 2.0 17 1.205 0.037 267-8 

■ All matches which  failed to fire when tested were success 
fully fired  by a  2.0 ms,   2.69 amp pulse. 

I 
7.  The next series of tests conducted were constant 

voltage pulse tests on M-200 matches in the range 2 to 6 ms 
ulses.  Because of the problem of switching and switch and 
ead resistance, available constant voltage power supplies could 

not be used to supply a constant voltage pulse directly across 
the match.  Instead, the system suggested by reference (g) and 
diagrammed in Fig. 4 was used. Here, the control unit produced 
a square wave pulse at the base of the transistor.  The transis- 
tor acts as a switch and governs both the pulse length and 
voltage across the match.  The voltage across the match is pro- 
portional to the voltage from the control unit. A Harrison 
Laboratory Inc. Model 614 Power Supply supplied the firing 
energy to the match.  In order to accurately measure the voltage 
across the match, a reference voltage was obtained from mercury 
cells and a dropping resistor.  This reference voltage was 
accurately measured with the potentiometer and adjusted to be 
equal to the desired voltage across the match. Then, with the 
standard resistor (1.178 ohm) in the place of the match, the 
control unit's output was adjusted so that the voltage acrott 
the match was equal to the reference voltage. The difference 
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b«tw««n the reference voltage and the voltage aero»» 
ard rtsittox was measured with a differential otclll 
The standard re»istor «vat then removed and replaced 
natch to be tested. The tests were conducted and ca 
■tade in the Bruceton Banner as described in referenc 
voltage reported is the voltage across the standard 
A »uxnnary of the data is shown in Table II. The »ea 
voltage plus five standard deviations are plotted as 
of pulse duration in Fig. 5. 

the stand- 
oscope. 
with the 
Iculations 
• (h). The 
resistor, 
n firing 
a function 

Table II.    Constant Voltagt Tests, 
Atlas M-200 Matches,  Lot 265-24 

Puls« 
Duration 

(■s) 

2.0 
3.0 
4.0 
6.0 

Nuicber of 
Matches 

Tested 

21 
» 
25 
25 

Mean 
Number      Number        Voltage 
_£i£S4      Failed       (Volts) 

14 
12 

13 

7 
13 
10 
12 

1.485 
1.204 
1.063 
0.911 

Standard 
Deviation 
Mtttii 
0.023 
0.015 
0.011 
0.009 

•All matches which failed to fire when tested were success- 
fully fired by a 1.80 volt, 3 m» pulse. 

8. Tests conducted in the Probit Banner give a Bore 
accurate detenination of standard deviation than do tests con- 
ducted in the Bruceton Banner. For this reason the next series 
of tests were constant voltage, 3 BS pulse duration tests 
conducted in the Probit Benner. The variable of the tests was 
the ratio, V^/^Mt where .'M is the voltage across the Batch at 
the Bidpoint of pulse duration and Kn is the Beasured resist- 
ance of the match before it is pulsed. The resistance of each 
match was Beasured before it was pulsed through the u»e of a 
bridge whose output current was limited to 30 BS. This series 
used the Batch firing apparatus diagrammed in Fig. 4.  The 
value of V|| was determined through the following calculations. 

9. When two reference resistors of different value are 
placed, one at a time, in the match position of the firing 
apparatus, different voltage values across each resistor are 
observed during the pulses, even though the constant voltage 
froB the source is the same. This is due to lead resistance 
in the circuit between the constant voltage source and the 
reference resistors. This lead resistance can be calculated 
from the equation 

- - AV/Al, (2) 
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whert hi   is th 
age during th« 
and A! it  th« 
during th« pul 
Th« l«ad rasis 
Mssuming  that 
atsuming that 
with a xesista 
ing aquation a 

«   lead  resistance,   ^V is th« difference  in volt- 
pulse across «ach of  th« two reference resistors» 

difference in current,   calculated fron V/K, 
s«  through «ach of  th«  two reference resistors, 
tanc«  for th« apparatus was found to b« 0.166 ohm. 
th«  total voltag« is constant and fixed and 
one reference resistor is the standard resistor 
nc«  of H3 and  th« other   is th« match,   th« follow- 
ppli«s: 

< VVRL * VS "     ' W«L * V« (3) 

wh«r« J    is th« voltag« across th« standard resistor.  Substi- 
tuting the lead resistance value of 0.166 ohm and the standard 
resistor resistance value of 1.178 ohms, Eq. (3) was rearranged 
as follows: 

VSR|y/(0-8765RM # 0'i4W) (4) 

10.     The per cent fired was plotted as a function of the 
ratio vu/f\ii   essentially the current through the match,  on ac- 
cumulative probability paper.     The  straight line that visually 
best fitted the points was drawn.     The mean firing Vjy/K^  value 
was read from  ehe  line at the bOu.  intercept and the standard 
deviation was determined by subtracting the mean value from the 
value at the 84.13% fired intercept.     The firing data are 
reported in Tables  III  and IV. 

Table III.     ^/K* 3.0 ms Pulse Test,  Atlas M-200 Matches 
Lot 265-24 

Mjj/t^ ± 0.005 

0.965 
0.97b 
0.985 
0.995 
1.005 
1.015 
1.025 
1.035 
1.045 
1.055 
1.065 
1.075 
1.085 
1.095 
1.105 
Mean Vjyr/K^ 

0.021 volts/ohm. 

Fired/Attempts 
0/2 
0/0 
0/5 
1A> 
0/6 
1/7 
2/7 
3/6 
7/11 
4/5 
4/6 
3/4 
5/6 
3/3 
2/2 

1.037 volts/ohm.  Standard deviation 

Per cent fired 
0 

0 
20.0 

0 
14.3 
28.6 
50.0 
63.6 
80.0 
66.7 
75.0 

100.0 
100.0 
100.0 
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Tabl«   IV.     VUAL.  3.0 ms Pulse   Test.   Atlss M-200 Welches 
Lot   262-23 

VMAM t o.w Fired/AUemots P«  ^n;  riMrf 
l.Otl 10/10 100.0 
1.037 6/9 66.7 
1.027 7/10 70.0 
1.017 12/33 36.4 
1.007 0/3 0 
Mesn  V^AIJ  ■ 1.024  volts/ohm. 
Stendaxd deviation « 0.019 volt/ohm 

11. The constant voltage tests did not result  in abso- 
lutely constant  voltages across the match.     Instead,   a very 
small   voltaye increase was observed on   the  oscilloscope,     this 
voltage increase was due  to  the increase in match resistance 
during the  pulsing  interval.     A typical  test gave  the following 
results.     A 1.300 V initial  voltage was placed  across a match 
whose  initial resistance was   1.230  ohms.     A !> mv voltage 
increase was obsexved during  tht pulsing interval,  making the 
final  voltage across  the match  1.30!> V.    The lead resistance 
was  assumed  to be a  constant 0.166 ohms.     The  initial  condi- 
tions were   substituted in place of   the  standard  resistor values 
and  the final conditions were  substituted  in place of   the match 
values of  bq.   (3).     Equation   (3)  was then  solved  for   the  final 
resistance  of  the Aatch   (1.274 ohms).     Thus,  a  typical 
resistance  increase of  3.!»b is obtained during  the firing pu.se, 

IV.     RESULTS 

12. If one assumes the resistance of all matches to be 
1.30 ohms and constant during the pulsing interval, and multi- 
plies this value by the mean firing current, the calculated 
voltage is the mean firing voltage for matches whose resistance 
is 1.30 ohms.  If the value, 1.30 ohms, is multiplied by the 
mean plus five standard deviations firing current, the calcu- 
lated voltage when applied to a match will cause 99.99997% 
(assuming normal sensitivity distribution) of the matches whose 
resistance is 1.30 ohms to fire. Matches with resistance lower 
than 1.30 ohms (including all matches which meet the require- 
ments of reference (e)) would have a higher percentage of fires 
when the same voltage is applied to them.  These voltages are 
plotted as all fire voltage v^ pulse duration in Fig. 6.  Also 
plotted on this graph are the mean plus five standard devia- 
tions firing voltages as obtained from the constant voltage 
Bruceton tests.  The all-fire voltege (better U-n 99.99997% 
firing of all matches meeting requirements of reference (e)) 
can be read from the resulting curve as a function of pulse 
duration for times less than six milliseconds. 



..OLTP. 63-62 

13.  The maximum enerqy necesäöry for match firing was 
determined from the equation 

(\r/K)At, (5) 

where V is  the  all-fire  voltage read  from Fig.  6,  R is 1.30 ohms 
and At  is  the pulse duration in seconds,     h plot of maximum fir- 
ing energy necessary  versus pulse duration is  shown in Fig.   7. 
The mean firing energies were calculated from the equation 

l2nAtf (6) 

where 1 is the mean firiig current of the constant current 
tests, K is the mean match resistance (1.20 ohms) and At is 
the pulse duration in seconds.  The mean firing energies are 
also plotted in Fig. 7. straight lines, which best represented 
the plotted points, were drawn for both the mean and maximum 
necessary firing energies.  These lines indicate a slight 
decrease in necessary energy as the pulse duration is decreased, 
The maximum energy required for firing at 6 ms (48,000 ergs) is 
well within the requirements of reference (d)« 

14.  The results of this study indicate that there is no 
significant difference in sensitivity between «tlas J^.-lOO and 
/.'.-200 electric matches or between lots of matches tested.  The 
energy and voltage required to reliably fire these matches 
within six milliseconds are described as a function of pulse 
duration in Figs. 6 and 7, 
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FIG   I      RESISTANCE    DISTRIBUTION   M - 200   LOT  262-23 
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FIG 3     CONSTANT    CURRENT   TEST 
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FIG. 5    CONSTANT   VOLTAGE   TESTS   M-200 ATLAS ELECTRIC 
MATCH  LOT   265-24 
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